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This invention relates in general to 
and • general to scatterometers 

an Q m particular* *- 

P rticular, to a spectroscopic s ™„ 
system. P "Uterometer 

As the integration and speed of 
™ lncrease , circuit scructures 

" dlmenSiOT - — - terms o f pr of i e 

^sharpness. The s tate-o t -t h e-art aevices re guir 

i::T erable — ~- — * *. Jcomin 

zr important to » — — ~" 

or submicron linewidt-h =^ 

^ ^ anti tative description of 

at each process sten p„v.fi, Q _ 

ep - furthermore, therp -i e = 

:i;:: f — 

as focus-exposure controi in phot echography 
M«raction- b asea anaiysis technics soch as 

scatterometry ar«= as 
mi , -pec.ally well suifced 

microelectronics metrology a PP i icationc! H 

ay ctppj.i cat ions because they are 
nondestructive c „ f f . 7 are 

ranio • ntiy accurate, repeatabie, 

"Pic, srmpie an d inaxpensive „ latlv . tQ 

dimension-scanning eiectron microscopy (CD . SEM) 
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scattered is the angle . resolved measurement ^ 
char ac teri za tion o£ llght scattered from a 

StrUCt — •« Periodic, incldent light is 

scattered or diff ra cted intQ di(ferent Qrdere T ^ 
angul.r location flr Qf th£ mth diffraction 
respect to the angle of incidence 6i ^ ^^^^ ^ ^ 
grating equation: 



(1) 



sinGj + smd r = m — 
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"here A is che waveiength Qf incident iight ^ d t ^ 
period of the diffracting structure. 

The diffracted light pattern tram a structure 
can be used as a -fingerprint- or -signature- for 
identifying the dimensions of the structure itself In 
addition to period, m ore specific tensions, such as 

Wldth ' h6i9ht ' « d «» shape of the line, the 

thickness of the underlay f ilm layera , an<J ^ of ^ 

side-walls, referred to below as par am eters of the 
structure, c a „ also be measured by analyzing the scatter 



pattern, 



Since the periods of the gratings in the state-of- 
the-art devices are generally below i m , only the o" 
and +/ - !- diffraction orders exist over . pract ic a l 
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angular range 

traditional ar . atl 
■"easures the entire -atterometer thac 

™ the data regui does not 

^^.^^^l^---^- one 

scatterometry. ' cal *ed 2 -e 

Ti ~ 2 - 9 uterometer monitors the i„ t 
■«gl. diffraction order "tens^of a 

as a function 

incidence of the • " of the angle of 

■0 variaf lUUminati «S "9ht beam . The . t . 

varxat.on of the „» as Ke li as higher 

^ sample provides *» dl «^ctio„ orders 

-fining the * — - 

"—ated. Because the ^ ™ — is 

determined b y the process • Sam «^ are 

15 'he information is als the 

1 ls als ° useful a^s an • 
the process. ^direct monitor of 

In 2-9 sca tterometry = qin 
heam. for _J ; iD91 ; "«Wh coherent- 
incident upon a , hel lum . neon las 
P ° n a sam Pl« mounted on a ,f 
° —ting the samp i e . ^ Sta9S - B - -ther 

of incidence on the ™ lnati ° n > the 

tn e sample i 

^tensity of the oarn i Ranged. The 

»Mc h is ca ii ed a pi ; t « «* incident 

" — d — - to a colter J""" 
t^ different parameters such as \ *° 
snape of the l ine and 

»<* angle of the side-„all s (th e 
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angle the side-wail mates „ ith the underlying sur£a=e 
also known as the "wall angle",. a diffraction model ^ 
-Ployed. Afferent grating parameter, outlined above 
are parameters and a parameter space is defined by 
allowing eaoh grating-shaped parameter to vary over a 
certain range. 
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A rigorous diffraction model is used to calculate 
the theoretical diffracted light fingerprint from each 
grating in the parameter space, and a statistical 
prediction algorithm is trained on this theoretical 
calibration data. Subsequently, this prediction 

algorithm is used to determine the parameters that 

correspond to the 9-^ 

2 e plots or scatter "signature" 

measured from a target structure on a sample. 

While 2-9 scatterometry has been useful in some 
circumstances, it has many disadvantages. The periodic 
diffracting structure is frequently situated over one or 
TO filmS th " ^ light. Therefore, any 

Effraction model employed must account for the 
thicknesses and refractive i„ dic e s of a ll fii ras 
underneath the diffracting structure. m one approach, 
the thickness and refractive indices of all layers must 
he known in advance. This is undesirable since 
(recently, these quantities are not known in advance 
in particular, the film thickness and optical indices of 
materials used in semiconductor fabrication often vary 
from process to process. 
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Another approach to sQlve abwe proWem 

^ t ^ P " ameterS " ^ 

" thl ° kneSS Md o t U nder lying film 

n^te i al By thus inc _ ing _ r ^ ^ 

1CUlatEd ~tia lly , so that fche 

computation time involved renderg 

inappropriate for rea! ti™ 

r rea J--time measurements 

puxth.™,, since the inteneity of 

r cum ° rder as a func "- - — an91e of 

sa mpllng beam is acquired ^^^^ ^ 

7 ld0n ' M9le " ™^ ^ .CUi-ltion for the 2 . e 

; " Si9 — " - — - the detected 

•y-t™ vibration and random eiectronic whi ^ 

change over time as the incident angle ls varled 

Another approach is proposed by ziger in us 

5 ' 607 ' a0 °- approach, „here the 

-asurement o f a particuiar patterned film is deslred 
- *«. t patterned arrangement having predetermined and 
9ratin9 istics dose to those of the 

r teM t0 ^ is -«■.. such as by 

'-r-ing a iine-and-spaoe pattern on a first wafer A 

spectroreflectometer ls tnen use(J 

tofcjU to measure the 
amplitude of reflected signals f 

signals from such first 

arrangement to obtain = • - 

oocam a signature. T hp n => „ 

inen a second 
Patterned arrangement havin9 ^ 
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characteristics close to those o £ the patterned film to 
be measured. such as another llne _ and _ spa=e ^ 
a secona wafer, is obtained and . spectroref lectometer 
» used to measure the amplitude of reflected signal 
fro. such arranges to obtain a second signature. The 
process is repeated on additional wafers and the 
signatures so formed are organised as a database. The n. 

the target pattern film of the sanm i 0 • 

£ cne sa mple is measured using 

a spectroref lectometer • and its „ n - ma , 

ana its signature compared to 

those present in the database. Th e signature in the 
database that matches the signature of the target film 
» then used to find the grating characteristics or 
parameters of the target film. 

Zi 3 er.s approach is limited and impractical, since 
it requires replication of multiple reference patterns 
analogous to the target pattern and measurements of such 
reference patterns to construct a database before a 
measurement can be made of the target pattern . ziger ■ s 
approach also requires contrast difference between the 
reflectivity of the film versus the reflectivity of the 
substrate. ln other words, Ziger. s method cannot be 
used to measure the grating characteristics on line 

patterns made of a matevi.l v, • 

material having a reflectivity 

similar to that of the underlying substrate. 

None of the above-described approaches is entirely 
satisfactory. It is therefore desirable to provide an 
improved scatterometer with better performance 
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d f f measurin9 — " p.™ eters of . 

: ::;:: 9 structu - on - — ^ — - 

r - index , comprlsing provlding an optical 

construct ino =, ^ <r_ure , 

ctang a reference database of one or- 
parameters rpUh^ *. . re 

sa id opt - , " «««ctlng structure using 

said optical index and fil m t-^ u 

and direc j; a ; kness ° f the 

Nation at . Dl T 3 bSam ° f 

diffracting structure. The m etho d further co 
detecting intensities or Urth « TO ^ 1S es 

„„•„ , ^Hypsometric parameters at 

: r raiity of waveiengths ° f * - d 

UC ^ — -tected intensities or 

ellipsometric parameters to said k 

said on. database to determine 

said one or more parameters. 

Another aspect r^-F *-u 

pect of the invention is directed 
— an app _ us for measuring _ 

~ «* * ««~«- — e on „ underly J 
-cture, S ai d undarlying '-I 

:r ess . and an — — • , 

nStrUCCln9 * — - — aS e ot 0 ne or more 

r: terS " lated "> ~" — stature using 
oP-cai index and a film : thickness of ^ 9 

-ucture, an d _ s £or diMcting a 
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electromagnetic radiation ^ 

T he apparatus further „ . " ractl "9 structure. 

urther comprises means for h 
intensities or ell i„= detecting 

or ell lpsometric parameters of a diff 
from said structure at said „, , • dl "««-n 

PlU " llty ° f —lengths,- 
° r com Parang said detects -s - 
ellipsometric paramer ^tensities or 

c P ar ameters to said da*-*K= 
said one or morp database to determine 

or more Parameters. 

Another aspect of fh. ■ 
* scatterometer for m ^ ^ 

d «-ctin 9 structuJ of TIII ' . « « 

which emits br Hh "eluding . souroe 

emits broadband radiation; a ™ n . 

P°lari 2 es the broadband radiaf ^ 

«- - P1 in 9 the stru:r;: to produoe a 

Lure ' and means for- 
intensities or elli™, . detecting 

or ellxpsometric parameters of a diff 
from the structure over a rano , faction 

a "nge of wavelengths. 
An additional aspect of t-h~ • 

« ™ et hod f or :asur:;::n tion is 

b - — * t*. structure 

d —tin 9 radiation of th a 7 ^ 
- -n diffracted from the ^ 

wavelengths- range of 

9 S ' and comparing the detected r • 
reference to d.t- • e tected radxation to a 

nee to determine said one or m~ 

ne ° r m °re parameters 
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radiaj 00nPriSin9 * " U ™ ° £ 

radiation; a polarizer „«i • . 

provide " Z Sald " d ""=n to 

P-vxae a sampling beam touards ^ 

analyzer for ™ • • P ' and a " 

f ° r rece ™g dif fracted radiation * 
structure to provide ^ f ™L the 

provide an output beam T h^ 
further ™ • instrument 
^ . spectro m eter deteoting ^ ^ 
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one n,o« aspect of ^ 

: if "7 9 structure ° n - — — of 

Lsu C ° mPriSinS ~co P ic 

measurements on th P i • ' 

cne underlying structure to Hot- 
its P h s «o,. • determine 
3 ta «e„ stic , construct^ . reference 

-e or m ore parametfirs reiated to 

•tr-ctux. ^characteristics J— 

^t-r-n^ u nderlyina 

- «U«» otulg structure tQ obtain 

sometric data; and comparin9 ~« : 

^ refSrenCe *"=«*— to derive 
sard one or more parameters . 

Vet another aspect of the invention 

T M lnSt ~ — • — . oo mpris 

speotrosoopio device me as U rin g film thi=faless J 

^ ° £ — o f the sampl e over a 
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spectrum; a scatterometer measuring diffraction data 
from a diffracting structure of said sample over a 
spectrum and means for deriving physical parameters 
related to the structure from the film thickness data, 
5 index of refraction data, and diffraction data. 

BRIFiF PF. SCRTPTTON of twk nwAWTwrta 

Fig. 1A is a schematic view of a spectroscopic 
scatterometer to illustrate the preferred embodiment of 
10 the invention. 

Fig. IB is a schematic view of a portion of the 
spectroscopic scatterometer of Fig. 1A to illustrate the 
preferred embodiment of the invention. 

Fig. 2 is a cross -sectional view of a semiconductor 
wafer including a line pattern of photoresist on a bare 
silicon substrate useful for illustrating the invention. 

Fig. 3A is a graphical plot of the intensity of the 
zeroth diffraction order as 51 different functions of 
the angle of incidence of the illuminating light beam in 
a 2-9 scatterometer, where the nominal linewidth is 
assumed to be 250 nanometers, and the 51 functions are 
obtained assuming linewidths from 225 to 275 nanometers, 
at 1 nanometer steps, for comparison with predicted 
results of the invention. 

Fig. 3B is a graphical plot of the intensity of the 
zeroth diffraction order as 51 different functions of 
the wavelength of the illuminating light beam according 
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to the invention where the nominal linewidth is assumed 
to be 250 nanometers, and the 51 functions are obtained 
assuming linewidths from 225 to 275 nanometers, at 1 
nanometer steps, for comparison with predicted results 
of the invention. 

Fig. 3C is a plot of the means square error 
difference measurement as a function of linewidth, 
between the signature generated for the grating having 
the nominal linewidth of 250 nanometers and other 
signatures obtained for other linewidths using 2-6 
scatterometry, and using the preferred embodiment of 
this invention over a full range of the .spectrum and 
over UV and visual wavelength bands of the full spectrum 
useful for illustrating the invention. 

Fig. 4A is a graphical plot of the intensity of an 
ellipsometric parameter tan(psi) as 5 different 
functions of the wavelength of the illuminating light 
beam according to the invention where the nominal 
linewidth is assumed to be 180 nanometers, and the 5 
functions are obtained assuming linewidths at 178, 179, 
180, 181, 182 nanometers, for comparison with predicted 
results of the invention. 

Fig. 4B is a graphical plot of the intensity of an 
ellipsometric parameter cos (delta) as 5 different 
functions of the wavelength of the illuminating light 
beam according to the invention where the nominal 
linewidth is assumed to be 180 nanometers, and the 5 



WO 99/45340 



PCT/US99/04053 



10 



15 



20 



25 



12 

functions are obtained assuming linewidths at 178, 179, 
180, 181, 182 nanometers, for comparison with predicted 
results of the invention. 

Fig. 5 is a plot of two sets of correlation 
functions between the signature for the grating having 
the nominal linewidth of 180 nanometers and other 
signatures for gratings at other linewidths, one set 
obtained using tan(psi) and the other set obtained using 
cos (delta) . 

For simplicity in description, identical components 
are identified by the same numerals in this application. 

DETAILED PF qrp TP TTn n Q F -JTHE PWRFBPPTm ^ pjgprc 

This invention is based on the recognition that, by 
measuring or otherwise obtaining characteristics such as 
the film thickness and optical index of the underlying 
films underneath the diffracting structure, the 
subsequent tasks of construction of a database and 
matching a signature of the diffracting structure to the 
database are much simplified. Furthermore, if 

spectroscopic ellipsometry is used to measure the film 
thickness and optical index of the underlying fil m(s) 
under the diffracting structure, an instrument which can 
be used for spectroscopic ellipsometry as well as for 
spectroscopic scatterometry may be provided for carrying 
out both functions. m the preferred embodiment, the 
spectroscopic elli psome ter and its associated 
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spectroscopic scatterometer in the instruct may share 
many common optical elements to reduce the cost of the 
combined instrument and simplify its operation. 

By first measuring the film thickness and optical 
refractive index of the underlying f ilm s, one no longer 
needs to include such parameters in the computation of 
the model or database and subsequent matching of 
signatures that much simplifies the computation task. 

Fig. 1A is a schematic view of a spectroscopic 
scatterometer system to illustrate the preferred 
embodiment of the invention. As shown in Fig 1A 
system 10 advantageously combines features of a 
spectroscopic scatterometer. spectroscopic ellipsometer 
and spectroscopic ref lectometer. The spectroscopic 
reflectometer or the spectroscopic ellipsometer may be 
used for measuring the film thickness and refractive 
index of the underlying structure underneath the 
diffracting structure. fls shown in pig ^ ^ 
semiconductor wafer may comprise a silicon substrate 
12a, a film 12b on the substrate and a diffracting 
structure 12c such as a photoresist pattern on the film 
where the fi lm is at least partially light-transmissive 
and has a certain film thickness and refractive index (n 
and k, the real and imaginary components of the index). 

Before the diffracting structure 12c is measured, 
an XYZ stage 14 is used for moving the wafer in the 
horizontal XY directions in order to first measure the 
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f ii» t hickness and ref raccive index of the 

structure underneath the photoresist pattern 12c. stage 
" may also be used to adjust the z height of the wafer 
12 as described below. stage 14 moves the wafer to a 
position as shown in Fig. 1B so that ^ ^ 

of radiation iHuminates a portion of film lab away frQm 
structure 12e . In reference fcQ ^ ^ ^ ^ ^ 

Purpose of measuring the film thickness and refractive 
index of the underlying structure ( 12b a nd 12 a) a 
broadband radiation source such as white lig ht source 22 
supplies light through . fiber optic cable 24 which 
randomizes the polarization and cre a tes a uniform light 
source for illuminating the wafer. Preferably, source 
22 supplies electromagnetic radiation having wavelengths 
1D " n9e ° f " least «° to 800 nm. upon emerging 

from fiber 24, the radiation passes through an optical 
illuminator that may include a slit aperture and a focus 

lens (not shown) . The slit- ^r^w-, 

me slit aperture causes the emerging 

light beam to image a small area of l ayer 12b. The 
light emerging from illuminator 26 is polarized by a 
polarizer 28 to produce a polarized sampling beam 30 
illuminating the layer 12b. 

The radiation originating from sampling beam 30 
that is reflected by layer 12b , passed through an 
analyzer 32 and to a spectrometer 34 to detect different 
spectral components of the reflected radiation. m the 
spectroscopic ellip some try mode of system 10 for 
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- surin9 film thickness Md refraoWve ^ 

P oia rtzer 28 or the analyzer 3Q is rotated ^ 

relative rotational .otion between the poller and ^ 
~ „ han sp ect rom ete r 34 is 

~flecte d light at a plurality of „ avelen9ths _ ^ ^ 

those in the spectrum of the radiaM™ 

S radiatlon source 22, where 
the rotation is control by computer „ in ^ 

0 ™ ^ th ° Se Skl »- - «*• «• T he reflected 

intensities ^t- 

at different wavelengths detected is 
supplied to compufcer 4Q wMch computes t ^ 

thinness and n and k va lues of the refractive ^ ^ 
layer 12b in a manner ^ ^ ^ ^ ^ ^ 

For a description of a spectroscopic elli psometer 

please see U.S. Patent No 5 60S « fi • 

• 5/608 ' 526 ' issued March 4 
15 1997. ' 

While spectroscopic eHi ps o m etr y may be preferred 
for meaS urin g fil m thickness and ^ ^ 

see app llcationa where there ^ ^ om 

relative!, tnic k m „ ^ 
•0 structure, . spectroscopic re f iecto.eter (also knoMn as 
spectrore fl ecto m eter and spectrophotometer, „ y be 
a^ate tor .easurino the fil ra thickness an d refractive 
,naex. P or this purpose, !ens 2 3 coUect 3and directs 
_ nation fro. source 22 to a b ea m splitter 52 , „ hich 
> -fleets part of the inco raing beam towards the ^ 
l«. 54 Which focuses the radiatiQn ^ i2fa ^ 

li 3 ht reflected by the l ay er l2b is oollected fay ^ 
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54, passes through the h Mm 

a cne beam splitter 52 to a 

spectrometer in the spectroscopic ref lectometer ^ ^ 
spectral cedents at different ^ 

~- ^ecte d and signals representing such components 

are supplied to computer 40 for ri^ ■ • 

U £ ° r de term ini ng the fil r 
-cKness an d refractive index in a deecribed 

example ' in u - s - A PPlicacion serlal H ; 

oa 227 ,,s 2 , filedAprill4 , 1994 

°-er than the apectrosoopic refleocometer 
spectroscopic e llipso « er My alsQ ^ 

r Mrin9 thiC ^ S S - ^active inde* of 

12b and are within che scQpe of invmtion 

exa mple of such spectroscopic devices inciude n ^ 

*-l^r of n & k TechnQlogy ^ ^ 

California, and described in ^^^^ 
of Amorphous and PolycrystaUine snicon pilms _„ ^ 
•t 1.. reprinted f rom Augugt 1995 edition of ^ 

Sta£ --^™ i pubiished by PennWell publishi 
Company, . 0 ptic al Dispersion Relatione fM 

Semiconductors and AmorphQus Dielectrics „ fay porouhi ^ 

a!-, Pi^sisa^i^, vol . no io _ ^ 7oi8 7o2s 

: ov : 15 ' l986; " opcicai p -p«"- of cry5tallin ; 

Semiconductors and Dielectrics> „ hy et ^ 

HlYBir-m FfYint.B, vol 38 no 1 

38, no. 3, pp 1865-1874, July 

15. 1988 an d U.S. Patent No. 4,905,170. 

For the purpose of adjusting the height of wafer l 2 

relative to the polarizer or = -, 

P xanzer 28, analyzer 32 to achieve 
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proper focus in the spectroscopic , ellip sometry 
measurement, or relative to the focus lens 54 and 
spectroscopic ref 1 ectometer 60 in the 

spectrophotometer measurement, the height of the 
wafer may need to be adjusted by means of stage 14 pr , Qr 
to the measurement. For this purpose, a portion of the 
radiation reflected by layer 12b (or layer 12c in the 
description that follows) and collected by lens 54 is 
reflected by a beamsplitter 62 towards a focusing and 
pattern recognition block 64 for comparing the reflected 
image to a pattern.. Block 62 then sends information 
concerning the comparison to computer 40 which controls 
stage 14. stage 14, in turn, moves the wafer 12 up or 
down in the vertical or z direction in order to move 
wafer 12 to a proper height relative to the optical 
components of system 10. 

Once the film thickness and refractive index of the 
one or more films underneath the diffracting structure 
12c have been so measured, a reference database may now 
be constructed by means of computer 40. where the fil m 
thickness and refractive index of the one or more fil ms 
underneath the diffracting structure 12c are known to 
begin with, or can be estimated, it is possible to omit 
the step of measuring these quantities. To construct 
the reference database, characteristics concerning the 
diffracting structure 12c may be parameterized and the 
parameters database is defined by allowing an unknown 
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grating parameter of the structure such a. T • „ 

-i-e, sucn as lmewidth 

height and wall angle to v*™ 

9-Le to vary over a certain range 

Thxs is illustrated by reference to Fig. 2 . 

Pig- 2 is a cross-sectional view of a semiconductor 
wafer comprising a silicon substrate ^ ^ ^ 

diffracting structure 12c . having a linewidfch ^ pitch 

P, height h, and wall angle « as shown in pig> 2 ^ 

the grating shape parameters that can h P „ 

Liiau can be parameterized 
and varied over . certain ^ ^ fc ^ ^ 

rigorous diffraction ^del. auch as the ^ ^ ^ 
modal expansion (MMME) , is used to calculate ^ 

theoretical diffracted 

rrracted Ixght fingerprint from each 

gratmg in the parameter space and a ^ _ • . 

p s ' and a statistical 
prediction algorith m such as Partial - L eased- Sq uares 
(PLS, or Mini^-Mean-Square-Error (MHSE) . s tra . ned m 
this theoretical calibration data. F or a description of 
the MMME, please see ..Conveyance of the Coupled-.ave 
Method for Metallic Cellar Diffraction Oratings, ■ by 
Ll et a1 -' Journa l of the npt-j ^i c™--; 

Vol. 10 . No . s , pp . 11M . lla9> ^ is93; ^ 

"Multilayer M odal Method for Diffraction Gratings of 
Arbitrary P roflle , Depth , and Permitfcivity „ fay ^ ^ 

JOUXn ^-^^^^^ Vol . 
10. No. 12, pp. 2582-2591, Dec. 1993 . 

instead of using the Mm B , the grating shape 
Para m eters can also ba para m eteri 2 ed using rigorous 
=oupl lng waveguide analysis (.*«*.,. Such metho(J ^ 
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described, for exaraple , in „ Rigorous coupiedwave 
analysis of planar-grating diffractioni „ fay ^ 
«= 1- ^-Qs^c^, vol. 71 , No . 7 , July 1S81 _ 
•U-Sia. "Stable implementation of the rigorous coupled- 

wave analysis for surface-relief „ . • 

CS rell ef gratings: enhanced 

transmittance matrix approach," by „. Moharam et ^ 
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Vol. 12 , Ho . s , May . 1995i p ^ io?7 _ 
108 6 . ana "Analysis and Appli=ations Qf opti=ai 
^fraction by Gratings , „ T . GaylQrd ^ ^ _ £rQc££din ^ 
vol. 73 , No . 5 , May 19g5f pp 894 _ M7 

Where more than one graci n g shape parameter i s 
varied, the calculation o f fl,^, ^ be 

by varying only one parameter at _ ^ 

the other parameters at selected constant values within 
selected ranges. Then another parameter is allowed to 
vary and so on. Subseguently , this prediction algorithm 
i- used to determine the values of the parameters that 
correspond to the fingerprint measured from layer l2c . 

Since the film thickness and optical indices of any 
trim underlying diffracting structure 12e or i 2e . are 
-own from the spectroscopic ellipsometry or 
spectroreflectometry measurements, or are otherwise 

known, these values may be used i r. r. 

ce used in construction of the 

reference database so that the film thickness and 
refractive index need not be parameters in the database 
This greatly reduces the number of variables in the 
parameter space and also greatly reduces the number of 
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signatures that need to be calculated for the reference 
database. Th us. compared fco ^ ^ .^^^ 

method where such variables need to be ta*en into 
account in the parameter space and the calculation of 
signatures, this invention enables a smaller database to 
be used when searching for solutions. Furthermore, due 
to the number of variables that are parameterized in 
such 2-e scatterometry method, there may be multiple 
solutions which causes difficulties in obtaining a 
correct solution. By reducing the size of the database 
thx. invention enables unique solutions to be found in 
most cases. m this manner, this invention reduces the 
computation time by many orders of magnitude compared to 
2-G scatterometry. 

The process for measuring the signature from layer 
12c and 12c will no „ be described in reference to Fig. 
1A. As described above, stage 14 moves wafer 12 so that 
the sampling beam 30 illuminates an area of the 
underlying £il m x2b „ ithout illuminating ^ ^ 

the diffracting structure 12c. Now in order to measure 
structure 12c, the computer 40 causes stage !4 to move 
the wafer along a direction in the XY plane so that the 
sampling beam 30 impinges on layer 12c (or 12c • in Fig. 
2) . Broadband radiation from source 22 is polarized by 
polarizer 28 into a polarized broadbeam sampling beam 
30- A diffraction of beam 30 is supplied to 

spectrometer 34 wH-j^k 

which measures substantially 
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simultaneously the raH^t-' 

y the radxatxon. intensities at different 
wavelengths of a diffraction p "erent 

-ffract.on from structure 12c, such as 

at wavelengths across the spectrum of radiation 
0 ^aiation source 

■ m the p^rerre. embodiment. the zerQth dlf ^ 
intenslty is aithough ^ o 

CtU " S ' — " or hi3her dlf£raction order 

:: tens : ties — «- — The process just 

described is the « M i-t-«,. 

the scatterometric measurement mode of 

system 10. 

zerotn or higher diffractiQn ^ intensities 

different W aveien gths detected by spectrometer ^ 
supplied to computer 40 tor • 

nf ■ : ° r ana1 ^^ ™d determination 

J~ o £ structure 12c or 12o . . Thls 
- then compare. to those preco ^ Ced ^ ^ ^ 

database i n the manner descrih^ u 

. . r descr ^ed above. The grating 

snape parameters of th^ ^ 

9natUrS ±n the reference 

database that matches rho 

tches the measured signature of 
structure 12c or 12c ' *r-~ -u 

12c are then the grating shape 
parameters of the structure. 

in the scatterometric measurement mode, anal y2er 32 

itTuci; 1 ;: 1 ; ~ from the — - - 

12c to spectrometer 34 ah-~ 
. Alternatively 
Polarizer 28 and analyzer « ma ^ 

aly 2er 32 may be controlled by means 

of computer 40 so that polarizer 28 ™ 

* -i-arizer 28 passes radiation of 

a certain polarization and analyzer 32 ■ 

iictiyzer 32 iS oriented to 
Pass radiation of the sa m P rwi • 

' / mS P° lar ^ation as that passed 

°Y polarizer 2 8 th-j e ■ 

28. This invention is based on the 
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discovery that, where the incidence plm Qf ^ ^ ^ 
is substantially normal to the grating 12c , the 
sensitivity of scatterometric measurements is improved 
xf polarizer 2 e is oriented to supply a sailing be a ra 30 
polarized in the TE mode (s-polarized, and analyzer 3 2 
is oriented to pass l ight in the TE mode 
Alternatively, where the incidence plane of the beam 30 
is substantially paraliel to the grating 12c ," the 
sensitivity of scatterometric measurements is improved 
xf polarizer 2 a Is oriented to supply a sailing beam 30 
polarized in the TM mode <P- P olarized> and analyzer 3 2 
is oriented to pass light in the TM mode. 

« more than one diffracting structure having 
different shape parameters are present on wafer 12, 
stage 14 may be controlled by computer 4 0 to move wafer 
12 so that the sampling beam 30 is directed towards each 
of such diffracting structures one at a time, system 10 
" thSn °P« ated the scatterometric measuring mode to 
obtain signatures from each of such diffracting 
structures. The signature of each diffracting structure 
may then be matched with a signature in the reference 
database in order to obtain the grating shape parameters 
of such structure. It „ m ba note(J ^ ^ 
measurement of the characteristics of the underlying 
structure <l 2a , l 2b , is necessary, this win need to be 
performed only once for each wafer and the reference . 
database will ne ed to be constructed only once for the 
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wafer as wel! . After these ^ 

SCatterMStrlC ~ents of the different diffracting 

structures on wafpr i o i_ 

wafer 12 may be per£ormed ^ 

S19MtmS ° f di «ractin g structure matched tQ the 

refere " Ce datSbaae ™«ousl y . noted above, since 

the reference database contain, a small er nu^er of 
statures, the „ tehlag or prediction ^ ^ ^ 

3 ratin g shape para m eters of the different diffracting 
structures on wafer 12 is greatly ^ ^ 

«al t ime and in - line ra easure m ents of the diffr 
structures possible. . ln som e applications, a nu^er of 
se m iconductor wafers m ade b y the sa.e process have the 
sa me u„derl yin9 structure underneath the diffraction 
structures.- these underl y i ng structures of the different 
wafers ra a y have substantial^ the sa ra e 

and indices of refraction. if this is fh „ 

uus ls the case, the 
above-described process for me asurin g flln thickneas and 

mdex refraction and the construction of the reference 
database may need to be perform on ly once for the 
entire batch of wafers ™de b y the sa m e process. i f the 
tolerance of the process is Wwn. This further speeds 

up the measurement and calcul^n^ 

«^<~i t-dicuiation process. 

As centred to 2-e scattered, the spectroscopic 

scattero m eter of this invention ra easures diffraction and 

a nu^er of wavelengths simultaneously This is in 

contrast to 2-e scattered where the user taKes a 

.easurement of the diffraction at one an gl e of incidence 
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at a time. Such feature also speeds up the measurement 
process. it will also be noted that the above-described 
reference database is constructed without the use of 
reference samples. Thus, the user does not have to make 
reference wafers having diffracting structures analogous 
to the one being measured or having to take measurements 
from such reference samples before a database can be 
constructed. Furthermore, a rigorously radical model 
such as MMME is used to achieve accurate results. 

Preferably, in the spectroscopic ellipsometry mod e 
and the scatterometric measurement mode, sampling beam 
30 is directed towards wafer 12 at an oblique angle to 
layer 12b and 12c. Sampling beam 30 is preferably at an 
oblique angle in the range of 40 to 80°, and more 
preferably in the range of 60 to 80° for measurement of 
silicon wafers, from a normal to the layers on the wafer 
12 . A particularly preferred angle of incidence from 
the normal is about 76° which is substantially the 
Brewster angle for silicon. m system io, the 

spectroscopic ellip SO meter and spectroscopic 

scatterometer advantageously employ many common optical 
elements, such as the broadband source 22, fiber 24, 
illuminator 26, polarizer 28 and spectrometer 34. This 
simplifies the design of system 10, reduces cost and 
simplifies its operation. 

The process for adjusting the height of wafer 12 
relative to the optical components in the 
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spectroref lectometrv anH o~ 

etry and spectroscopic ell ipsomet 

modes has been described above 

aDove> However, when light 
reflected from beamsplitter 52 -i «, ^ • 

P tSr 52 ls directed towards a 
d.Hraotino structure such ^ iae> ^ ^ preferabie 

the li9ht so re£lected to be polarized ^ ^ c ^ 

«- Poiarization as that in sampling beam ^ ^ 
*ei g h t o f the „ ater la is adjusted f ^ thja ^ 

radiation supplied by source 22 io 

y ource 22 is passed through a 
polarizer 72 before s t- ■; ~ ^ • 

Me ^ 13 dl ^ted to beamsplitter 52 
The optical axis of polarizer n-> ■ 

poianzer 72 is controlled by 

computer 40 so thac ic — o rie „ tation as tn ; 

=Ptio al axis of polarlzer 2B when focusing 

pattern reception Mook 64 is used ^ ^ ^ 

rejected from structure 12c and ^ ^ ^ ^ 

by computer 4 0 to adjust heiahr of *-u 

j *»c neignt of the wafer until it is 

at the proper heighc relative fcQ ^ ^ ^ 

Poxar^er 72 does not af£ect ^ ^ 

Process durin 9 the spectrorefiecWtry 
spectroscopic eliipscnetry modes or the spectroscopic 
re.iecton.try m easure ra e„ts . The polari2ed ^ 

^ copic re £1 ecto me t er eo may alao be 

—d to normalize the intensity m easure m e„t in the 
S cattero me te r m ode described above at an oblige an gle 
^ to r educe the effects of intengity variatims ^ ^ 

p ig- 3A is a graphical plot of t-v-.^ ■ ^ 

Plot of the intensity of the 

zeroth diffraction order as 51 functions of ^ 

j-unccions of the angle of 
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incidence of the illuminating light beam in a 2-e 
scatterometer measuring structure 12c ' of Fig. 2, where 
the nominal linewidth is assumed to be 250 nm, and the 
51 functions are obtained assuming linewidths from 225 
to 275 nanometers, at 1 nanometer steps. The incidence 
angles used in a calculation of the graphical plot in 
Fig. 3A varies from 0 to 60° with an uniform increment 
of 1°, which results in 61 datapoints per signature 
curve. The light beam is assumed to be TE polarized and 
the wavelength was 0.6328 microns. 

Fig. 3B is a graphical plot of the intensity of 
zeroth diffraction order as a function of the .wavelength 
of the illuminating light beam according to the 
invention used for measuring structure 12c • of Fig. 2 
where the nominal linewidth is assumed to be 250 nm, and 
the 51 functions are obtained assuming linewidths from 
225 to 275 nanometers, at 1 nanometer steps. These 51 
functions are obtained by means of the MMME model method 
rigorous diffraction method described above, making use 
of the known or measured index of refraction and film 
thickness information. These curves are used in 
comparison with measured results of the invention to 
predict linewidth of the measured structure. The 
intensity .of the zeroth order is calculated as a 
function of the wavelength of the illuminating light 
beam and the wavelengths used in the calculation varies 
from 0.23 to 0.850 microns with an uniform increment of 
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o.oi micron which results in 63 datapQints gignat ^ 

^ 1±9ht b - ^ ™ to be TE Polari2ed and 
xs illuminated at an obligue angle Qf ^ ^ ^ 

™. Fig . 3C is a plot of ^ _ _ ^ 

^ — as a Wtion of linewidth 
b et W ee n the signature generated ^ ^ ^ 

the l lnewidth of 250 nm ^ Qther signatures ^^^^ ^ 
othe, l inewidths us±ng 2 _ e scatterometry _ pig> ^ - 

-a™ nt as a function of linewidthj between 

7 atUre 9Snerated '~ ^ «ting navin g the linewidth 
0^ 2S0 nm and other sigRatures obtained ^ 

1-ewidtns, and using fche preferred embodiment ^ 

Mention ove r a full range Qf ^ ^ ^ 

ove, uitraviolet {uv) ^ _ eiength ^ ^ 

full spectrum. As will be evident . ^ pig _ ^ ^ 
spectroscopic scatter of this invention ■ ± / 

sensitive than tne a . e sca tt e romet e, The mean sguare 
-ea difference for , nm ^ ^ 

shown by Tables 1 and 2 below _ 



CD (nm) 



250 



Full Band 



0. 0339 



UV Band 



0 . 0528 



Visual Band 
0 . 0142 



2-6 
0 . 0051 
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Table* 


2 : MSR Ratio 


With Re spent-. 


to 2 -<R> 








CD (nm) 


Full Band 


UV Band 


Visual Band 


250 


6 . 62 


10.31 


2 . 78 
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Prom Fig. 3C, it is also evident that the 
sensitivity may be higher if only data collected using 
radiation at a sub-band of the full spectrum is used for 
matching the signature. Thus, even though the 

spectrometer 34 records the diffraction for the full 
range of wavelengths in the spectrum, sensitivity may be 
improved if only the diffraction at wavelengths in the 
ultraviolet (UV) band is used to construct the measured 
signatures from the diffracting structure of 12c and 
12c • . such signatures are then matched to signatures in 
the database calculated for the UV band as well. From 
Fig. 3B, it is noted that each of the curves is a 
function characterizing a particular signature of a 
grating. while in Fig. 3 C, information in the 
ultraviolet band may provide higher sensitivity compared 
to the visual band or the full band, information in a 
different portion of the spectrum may provide better 
sensitivity for gratings of other shapes and dimensions. 
All such variations are within the scope of the 
invention . 

Another aspect of the invention is based on the 
observation that, instead of detecting the intensity of 
the zero, first or other order of diffraction from 
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structure 12c or 12c t-h« 

' W^tUS 10 Of Fig . 1A 

be used to detect ellipsometric parameters of such or J 

fraCti ° n -r determining one Qr 

more parameters of the* riiff. 4.. 

of the diffracting structure. m other 

words, during the scatterometer mod. 

cer mode ' computer 40 
controls polarizer on -, ■ 

nzer 28 and analyzer 32 to cause relative 

rotation and motion between them, and system ao is use<J 

for measuring ell ipsom e tric parameters ^ ^ ^ ^ 

and cos (delta) adds a plurality „f 

Plurality of wavelengths, such as 

at wavelengths in the spectrum of radiation source 22 
-t h either k nown or measured index or refraction and 
fi n, thickness information of the one or .ore underlying 
underneath the structure l2c or 12c ,, ^ ^ 
-del method described above may be used to construct a 
database of tan , P si) and cos (delta, as functions of 
wavelength. as illustrated in Fi g S . 4A and 4fi 
corresponding to different values of parameters of the 
structure „ c or 12c .. Thus as ^ in ^ ^ ^ 

-del may be used to construct five functions for tan 
<P-> as functions of wavelength at five different 

lmewidths. f±q 4r in„«,«- 

19. 4B illustrates a similar plot for the 

ellipsometric parameter cos (delta) Thp 

, . 1 Itaj • The nominal 

lmewidth is 180 nanometers B v mM 

8 " By measuring the two 

ellrpsometric parameters of structure 12c or 12c . by 
-ans of system 10 . the measured functions may be 
compared to those in F igs. < A and 4B to find the best 
The sensitivity in using the eilipsometric 
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parameters is illustrate ■ „. 

a , ^strated in P lgs . 5 . 

^ Plot of the correlation betw 

Parameters corresponding to th 

ponding to the nominal 18 0 nanometer 

ValUe ^ to the rBmaining four " 

width values. other th an f K 

in this 6 ab ° Ve " 0ted <*±«-e„ces, 

J-n this aspect of t-H^ • 

the invention where ell ipsometric 

parameters are used for determinino >, 

,. hfa _ determining characteristics of 

the structure 12c, r^c' 

' C ' the svste ™ 10 operates in a 
manner and shares the samP ^ 

mS adva ntag es essentially as 

des — — <« — 9 intensit ; 

:r: 12c , 12c ,. por _ applications , 

the ellipsometric parameter. m 

parameters may offer 

sensitivity y 
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While the construction of database i s ill ustrated 
above by reference to funf , H 

d1 « functions corresponding to 

linewidths ' " «- — — «-t s imilar 

-nct.ons may be conatructed using 

parameters of th<* c ^ 

structure 12c or 12c ,, such 

or w a ll angle of the atruct 

Such and other 
-rations a re within the scope o f the invention 
Whiie the invention has been describe(J by ^ 
to various embodiments, it win k 

d ,« 111 be understood that 

different changes and modifications 

oaincations may be made without 
departing from the scodp of *-u ■ 

° PS ° f the "vention which is to be 
defined only bv m« 

±Y by the appended claims and their 

equivalents. 
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MHAT TP r-TAlMED-IS: 

I- A me thod for m ea suring one or more parameters 
of a diffracting structure ^ ^ underiy±ng structm 

said underlying structure having a th^v 

ng a thickness and an 

optical index, comprising.- 
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a film 



20 



providing an optical index and 
thickness of the underlying structure; 

constructing a reference database of one or 

more parameters related to said diffract™ . 

uAtrracting structure 
using said optical index and fll m thl - t 

rum thickness of the 

underlying structure; 

directing a beam of electromagnetic radiation 
at a pi urality of wavelengths ^ sa±d ^ 

structure; 

detecting intensities of a diffraction at said 
Polity of wavelengths from said o£ 

beam; and 

comparing said detected intensities to said 
database to determine said one or more parameters. 



2. The method of claim x, wherein said dir 

directs said beam at an oblige angle to the diffracting 
structure . 



25 



3. The method of claim 2. wherein said oblige 
angle is in the range of ^ ^ ^ ^ ^ ^ 

normal direction to the structure. 
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4 - The method of claim o ,ru 

claim 2, wherein said detecting 

detects a Z erotn order diffraction of ^ ^ ^ 
said diffracting structure. 



S. The method of claim 2. wherein said directing 
Erects polarized radiation ^^^^^ 

structure . 



<■ The method of claim l, herein said detecting 
detects a Z eroth order diffraction of said b ea m from 
said diffracting structure. 



20 
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7. 



The method of claim 6, wherein said directing 

to the diffracting 



directs polarized radiation 
15 structure. 



8. The method of claim i \. 

ciaim i, wherein said 

constructing constructs a reference database comprising 
a plurality of functions. each of said functions 
corresponding to one or more parameters of said 
structure and providing values of intensity at said 
plurality of wavelengths. 

»- The method of claim 8, each of said functions 
corresponding to a probable linewidth, height or wall 
angle of said diffracting structure. 
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10. The method of cl 
directs polarized radi 



aim 1, wherein said directing 



_ at±0n t0 the diffracting 

structure. 



The m ethod of clalm ^ wher£in 

COn8t ™ tln9 C ° n — 3 ^-e by means o£ . 

model „i thout the use of reference 



samples . 



12. The method of clair 



1, said plurality of 
wavelengths includinq ultr^^ «. " 

9 uitrav iolet wavelengths 



»- The method of claim , wherein 
constructing constructs a reference database of one or 
-re parameters over a spectrum of wavelengths, said 
Meeting directs a heam of broadband radiation 
wavelengths including said spectrum and said detecting 

detects intensity data over sa id 

r said spectrum of 

wavelengths. 

14. The method of claim 1-5 ,1, 

or claxm 13, wherexn said comparing 

-pare, intensity deta at „ aV elen 9 t hs in . aelected 
Portion of the spectr um to . portion of the datable. 

25 in,'" ^ meth ° d ° f Cla ^ -P-t™, 
include ultr a vio!et wavelengths, „ he rein said portion 

consists of wavelength, in the uitraviolet rang e 
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16 • The method of r-l^-fm ■, 

claim l, wherein said Drn v^ • 
includes measuring an on^ • , Providing 

9 an °Ptical index and fii m th , , 
of the underlying structure. thlCknSSS 

17 ' ^ meth ° d ° f wherein said measurina 

measures by mean, of measuring 
y means of a spectroscopic elli psometer a 

spectrophotometer n-r =, ' a 

ometer or a spectroref lectometer . 

An apparatus for measuring one or mo 
Pa-meters of a diffracting structure Qn ^ ~ ^ 

-der lyin9 structure, said underiying s ^ 
a f , lin Fh . , denying structure having 

^ thlCknMS " ^ca! ^^x. co mprislng . 

^constructing a reference database of 
°ne or more ^ 

structure using said „ . ""ctrng 

. " °Pti=al index and a fil 

thxccness of the underlying structure,- 



m 



means for dirppf^^ , 
"diation at a Dl 3 " • l ~ t "»S~"<= 

di^ract ■ ^ ° f at S aid 

diffracting structure; 

20 

means f or detect i nr, • .. 

detecting intensities of a 

-an, for comparing said detected 
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»• The apparatus of clai m le , 'wherein said 

d " eCtiD9 meinS dlreCtS — ■» -t an oolite angle to 

the diffracting structure. 

20. The method of claim 19, wherein saic , 
angle is in the range of about 40 to 80 degree, 
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?!■ The apparatus of claim 19 , whei . ein said 
detecting means detects a 2 eroth order diffraction of 
said beam from said diffracting structure. 



22. The apparatus of ciaim 19 , „ herein said 
directing means directs polarized radiation to the 
diffracting structure. 



23- The apparatus of claim 18, wherein said 
detecting means detects a 2 eroth order diffraction of 
said beam from said diffracting structure. 

24. The apparatus of claim ,,v, 

«~Laim 23, wherein said 

directing means includes a polarizer. 

25- The apparatus of claim is, wherein said 
constructing means constructs a reference databas 
comprising a plurality of functi 
functions corresponding to one 



e 

ons, each of said 
or more parameters of 
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said structure and providing values of intensity at said 
plurality of wavelengths. 



26. The apparatus of c i aim 25/ each 'of said 
functions corresponding to a probable linewidth, height 
or wall angle of said diffracting structure. 



27. The apparatus of claim i 8 , wherein "said 
directing means directs polarized radiation to the 

diffracting structure. 

28. The apparatus of claim is, wherein said 
constructing means constructs said database by means of 
a model without the use of reference samples. 

29. The apparatus of claim 18, said plurality of 
wavelengths including ultraviolet wavelengths . 



30. The apparatus of claim 18 , wherein said 
constructing means constructs a reference database of 
one or more parameters over a spectrum of wavelengths, 
said directing means directing a beam of broadband 
radiation at wavelengths including said spectrum and 
said detecting means detects intensity data over said 
25 spectrum of wavelengths. 
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31. The apparatus of claim m 

.claim 30, wherein said 
comparing means compares intensitv ^ 

intensity data at wavelengths 

m a selected portion of 

, h „ ° f thS s P ec *™ to a portion of 

the database. 



5 



32. The apparatus of claim 31 aaiH 

said spectx 

lno i uding ulCraviolet wavelengths _ wherein said 

consists o f wavelengths in the uitraviolet range. " 



rum 
on 



33. The apparatus of clalm le> £urther 
thickness of the underlying structure. 

34. The apparatus of clai m 33, wherein said 

" eMUrln9 lnCl — « -P-tro-ccpic euw er 

spectrophotometer or s P ectrore£lecto m eter. 

35. The apparatus of claim « 

ciaim 33, wherein said 

measuring and erecting m eans e mp l oy common optical 

SSid — — deluding a hroadhand 
radration source, a polari.er and a spectro m eter . 

36. The apparatus of claim -j-j 

ciaim 33, wherein said 

measuring and directing .eans e mp lo y oo mm o„ optica! 
events. said Wn elements ^ 

anal yZ er. wherein said polarizer and anal yZ er are set to 
Provide and pass radiation of substantia^ the s am e 



WO 99/45340 



PCT/US99/040S3 



10 



15 



20 



25 



38 



polarization when intensity data is detected from said 
structure, and to cause rotation between the polarizer 
and the analyzer when ellipsometric parameters are 
detected from the structure. 



37 



A scatterometer for measuring one or more 

parameters of a diffra^-inrr 

attracting structure of a sample, 

including : 

a source which emits broadband radiation; 

a polarizer that polarizes the broadband 
radiation to produce a sampling beam sampling the 
structure; and 

means for detecting intensities of a 
diffraction from the structure of said broadband 
radiation over a range of wavelengths. 

38. The scatterometer of claim 37, wherein said 
polarizer directs said sampling beam at an oblique angle 
to the diffracting structure. 

39. The scatterometer of claim 37, wherein said 
detecting means detects a zeroth order diffraction of 
said beam from said diffracting structure. 

40. The scatterometer of claim 37, further 
comprising an analyzer that analyses radiation of the 
sampling beam that has been diffracted by the 
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diffracting structure' to produce an output bean,, wherein 
Said detecti ng means detects the output beam. 

41- The scatterometer of claim 40, wherein said 
5 polarizer and analyzer are oriented to respectively 
provide and pass radiation of substantially the same 
polarization when intensities of a diffraction are 
detected from said structure. 

42. The scatterometer of claim 37, f urther 
comprising a database including intensity data measured 
from other diffracting structures, and means for 
comparing the intensities detected to the data i n the 
database for determining the one or more parameters of 
15 the diffracting structure. 

43. The scatterometer of claim 37, wherein the 
polarizer produces a sampling beam in the TE mode. 



20 



25 



44. The scatterometer of claim 37, further 
comprising focusing means for priding polarized 
radiation to adjust height of the structure on the 
sample relative to the polarizer and detecting means. 

45. The scatterometer of claim 44, wherein the 
polarized radiation provided by the focusing means has 
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substantially the same polarization as the sampling 
beam. 

46. A method for measuring one or more parameters 
5 of a diffracting structure of a sample, including: 
providing broadband radiation ; 

polarizing the broadband radiation to produce 
a sampling beam; 

directing the sampling beam towards the 

10 structure; 

detecting intensity of radiation of the 
sampling beam that has been diffracted from the 
structure over a range of wavelengths; and 

comparing the detected radiation to a 
15 reference to determine said one or more parameters. 



47. The method of claim 46, said sample having an 
underlying structure, said diffracting structure lying 
on said underlying structure. of the sample, said method 
20 further comprising: 

providing an optical index and film thickness of 
the underlying structure; and 

constructing a reference database of one or more 
parameters related to said diffracting structure using 
25 said optical index and film thickness of the underlying 
structure; 
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wherein said comparing compares said detected 
radiation to said database to determine said one or more 
parameters . 

> 48. The method of claim 47, wherein said 

constructing constructs a reference database of one or 
more parameters over a spectrum of wavelengths, said 
directing directs a beam of radiation having wavelengths 
that include said spectrum and said detecting detects 
intensity data at a plurality of wavelengths over said 
spectrum of wavelengths. 



15 



49. The method of claim 48, wherein said comparing 
compares intensity data at wavelengths in a selected 
portion of the spectrum to a portion of the database. 

50. The method of claim 49, said spectrum 
including ultraviolet wavelengths, wherein said portion 
consists of wavelengths in the ultraviolet range. 

51. The method of claim 46, further comprising 
directing said sampling beam at an oblique angle to the 
diffracting structure. 



25 52 • The method of claim 46, wherein said detecting 

detects a zeroth order diffraction of said beam from 
said diffracting structure. 
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53. The method of claim 46, wherein said 
polarizing produces a sampling beam in the TE mode. 

54 . An instrument for measuring one or more 
5 parameters of a diffracting structure on an underlying 
structure of a sample, comprising: 

a source of broadband radiation; 
a polarizer polarizing said radiation to 
provide a sampling beam towards the sample; 
!0 ^ analyzer for receiving radiation from the 

sampling beam that has been diffracted or reflected by 
the structures to provide an output beam; and 

a spectrometer for detecting intensity data 
from the output beam simultaneously at a plurality of 
15 wavelengths . 

55. The instrument of claim 54, further comprising 
means for causing the polarizer or analyzer to rotate 
when the sampling beam is directed to the underlying 
20 structure and not to the diffracting structure, and for 
causing the polarizer and analyzer not to rotate when 
the sampling beam is directed to the diffracting 
structure . 




25 



56. The instrument of claim 55, wherein said 
causing means causes the polarizer to provide and the 
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analyzer to pass radiation having substantially the same 
polarization. 

57. The instrument of claim 54, further comprising 
5 means for causing the polarizer or analyzer to rotate 
when the sampling beam is directed to the underlying 
structure without the diffracting structure and when the 
sampling beam is directed to the diffracting structure. 

0 58. The instrument of claim 54, further comprising 

focusing means for providing polarized radiation for 
adjusting height of the diffraction structure relative 
to the polarizer and detecting means. 



15 59. The instrument of claim 58, wherein the 

polarized radiation provided by the focusing means has 
substantially the same polarization as the sampling 
beam. 



60. A method for measuring one or more parameters 
of a diffracting structure on an underlying structure of 
a sample , comprising : 

performing spectroscopic measurements on the 
underlying structure to determine its characteristics; 

constructing a reference database of one or 
more parameters related to said diffracting structure 
using said characteristics of the underlying structure; 
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performing scatterometric measurements on the 
diffracting structures to obtain intensity data; and 

comparing said intensity or ellipsometric data 
to the reference database to derive said one or more 
5 parameters . 



61. The method of claim 60, wherein said 
characteristics of the underlying structure includes 
optical index and film thickness * 

10 

62. The method of claim 61, wherein said 
spectroscopic measurements performing performs 
spectroscopic ellipsometric or spectroscopic 
ref lectometric measurements . 

15 

63. The method of claim 61, wherein said 
spectroscopic measurements and scatterometric 
measurements are performed using broadband radiation. 

20 64. The method of claim 61, wherein said 

spectroscopic measurements and scatterometric 
measurements are performed using polarized radiation. 

65. The method of claim 61, wherein said 
25 constructing constructs a reference database of one or 
more parameters over a spectrum of wavelengths, and 
wherein said scatterometric measurements are performed 
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over said spectrum of wavelengths to obtain intensity- 
data over said spectrum, 

66. The method of claim 65, wherein said comparing 
5 compares intensity data at wavelengths in a selected 

portion of the spectrum to a portion of the database * 

67. The method of claim 66, said spectrum 
including ultraviolet wavelengths, wherein said portion 

10 consists of wavelengths in the ultraviolet range . 

68. An instrument for measuring a sample, 
comprising : 

a spectroscopic device measuring film 
15 thickness data and index of refraction data of the 
s amp 1 e ove r a spe c t rum ; 

a scatterometer measuring intensity data from 
a diffracting structure of said sample over a spectrum; 
and 

20 means for deriving physical parameters related 

to the structure from the film thickness data, index of 
refraction data and intensity data. 



25 



69. The instrument of claim 68, said device being 
a spectroscopic ellipsometer or spectroscopic 
ref lectometer . 
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70. The instrument of claim 68, said scatterometer 
employing broadband and polarized radiation. 

71. The instrument of claim 68, said device and 
5 said scatterometer employing one or more common optical 

elements, said elements including a polarizer. 

72. The instrument of claim 68, said device and 
said scatterometer employing one or more common opt ical 

10 elements, said elements including a broadband radiation 
source . 

73. The instrument of claim 68, further comprising 
a spectroscopic ref lectometer measuring film thickness 

15 data and index of refraction data of the sample over a 
spectrum. 

74. The instrument of claim 68, wherein the 
spectroscopic ref lectometer employs polarized radiation 

20 for adjusting height of the sample ■ relative to the 
device and scatterometer. 

75 . The method of claim 60 , wherein said 
scatterometer measurements performing performs 

25 measurements substantially simultaneously at a plurality 
of wavelengths. 
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76. The instrument of claim 68, said scatterometer 
measuring intensity data substantially simultaneously at 
a plurality of wavelengths. 

5 77. The method of claim 47, wherein said 

constructing constructs a reference database of one or 
more parameters over a spectrum of wavelengths, said 
directing directs a beam of radiation having wavelengths 
that include said spectrum and said detecting detects 
10 ellipsometric data over said spectrum of wavelengths. 

78. The method of claim 75, wherein said comparing 
compares ellipsometric data at wavelengths in a selected 
portion of the spectrum to a portion of the database. 

15 

79. A method for measuring one or more parameters 
of a diffracting structure on \an underlying structure, 
said underlying structure having a thickness and an 
optical index, comprising: 

20 providing an optical index and a film 

thickness of the underlying structure; 

constructing a reference database of one or 
more parameters related to said diffracting structure 
using said optical index and film thickness of the 

25 underlying structure ; 
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directing a beam of electromagnetic radiation 
at a plurality of wavelengths at said diffracting 
structure ; 

detecting ellipsometric parameters of a 
5 diffraction at said plurality of wavelengths from said 
structure of said beam; and. 

comparing said detected ellipsometric 
parameters to said database to determine said one or 
more parameters . 



10 



15 



80. The method of claim 79, wherein said directing 
directs said beam at an oblique angle in the range of 
about 4 0 to 8 0 degrees to a normal direction to the 
structure . 

81. The method of claim 79, wherein said detecting 
detects a zeroth order diffraction of said beam from 
said diffracting structure. 



20 82 - The method of claim 79, wherein said 

constructing constructs a reference database comprising 
a plurality of functions, each of said functions 
corresponding to a parameter of said structure and 
providing values of an ellipsometric parameter at said 

25 plurality of wavelengths. 
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83. The method of claim 82, each of said functions 
corresponding to a probable linewidth, height or wall 
angle of said diffracting structure. 

5 84. The method of claim 79, said plurality of 

wavelengths including ultraviolet wavelengths. 

85. The method of claim 79,. wherein said 
constructing constructs a reference database of one or 

10 more parameters . over a spectrum of wavelengths, said 
directing directs a beam of broadband radiation at 
wavelengths including said spectrum and said detecting 
detects ellipsometric parameters over said spectrum of 
wavelengths . 

15 

86. The method of claim 79, wherein said providing 
includes measuring an optical index and film thickness 
of the underlying structure . 

20 87. The method of claim 86, wherein said measuring 

measures by means of a spectroscopic ellipsometer , a 
spectrophotometer or a spectroref lectometer . 

88. An apparatus for measuring one or more 
25 parameters of a diffracting structure on at least one 
underlying structure, said underlying structure having 
a film thickness and an optical index, comprising: 
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means for constructing a reference database of 
one or more parameters related to said diffracting 
structure using said an optical index and a film 
thickness of the underlying structure; 
5 means for directing a beam of electromagnetic 

radiation at a plurality of wavelengths at said 
diffracting structure ; 

means for detecting ellipsometric parameters 
of a diffraction at said plurality of wavelengths from 
10 said structure; and 

means for comparing said detected 
ellipsometric parameters to said database to determine 
said one or more parameters. 

15 89 . The apparatus of claim 8 8 , wherein said 

directing means directs said beam at an oblique angle in 
the range of about 4 0 to 8 0 degrees . 

90. The apparatus of claim 88, wherein said 
20 plurality of wavelengths including ultraviolet 

wavelengths . 

91. The apparatus of claim 88, wherein said 
detecting means detects a zeroth order diffraction of 

25 said beam from said diffracting structure. 



10 



15 



20 



WO 99/45340 PCT/US99/04053 

51 

92. The apparatus of claim 88, wherein said 
constructing means constructs a reference database 
comprising a plurality of functions, each of said 
functions corresponding to a parameter of said structure 
5 and providing values of an ellipsometric parameter at 
said plurality of wavelengths. 



93. The apparatus of claim 92, each of said 
functions corresponding to a probable linewidth, height 
or wall angle of said diffracting structure. 

94. The apparatus of claim 88, wherein said 
constructing means constructs a reference database of 
one or more parameters over a spectrum of wavelengths, 
said directing means directs a beam of broadband 
radiation at wavelengths including said spectrum and 
said detecting means detects ellipsometric parameters 
over said spectrum of wavelengths. 

95. The apparatus of claim 88, further comprising 
means for measuring said optical index and film 
thickness of the underlying structure. 



25 



96. The apparatus of claim 95, wherein said 
measuring means includes a spectroscopic ellipsometer , 
spectrophotometer or spectroref lectometer . 



10 
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97. A scatterometer for measuring one or more 
parameters of a diffracting structure of a sample, 
including: 

a source which emits broadband radiation; 

a polarizer that polarizes the broadband 
radiation to produce a sampling beam sampling the 
structure; and 

means for detecting ellipsometric parameters 
of a diffraction from the structure of said broadband 
radiation substantially , simultaneously at a plurality of 
wavelengths . 



98. The scatterometer of claim 97, wherein said 
plurality of wavelengths including . ultraviolet 
15 wavelengths. 



99. The scatterometer of claim 97, further 
comprising a database including ellipsometric data 
measured from other diffracting structures, and means 
for comparing the ellipsometric parameters detected to 
the data in the database for determining the one or more 
parameters of the diffracting structure. 



20 



25 



100. The scatterometer of claim 97, further 
comprising focusing means for providing polarized 
radiation to adjust height of the structure on the 
sample relative to the polarizer and detecting means. 
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' 101. The scatterometer of claim 100, wherein the 
polarized radiation provided by the focusing means has 
substantially the same polarization as the sampling 
beam. 

5 

102 . A method for measuring one or more parameters 
of a diffracting structure on an underlying structure of 
a sample, comprising: 

performing spectroscopic measurements on the 
10, underlying structure to determine its characteristics; 

constructing a reference database of one or 
more parameters related to said diffracting structure 
using said characteristics of the underlying structure ; 

performing scatterometric measurements on the 
15 diffracting structures to obtain ellipsometric data at 
a plurality of wavelengths substantially simultaneously; 
and 

comparing said ellipsometric data to the 
reference database to derive said one or more 
20 parameters . 

103. The method of claim 102, wherein said 
characteristics of the underlying structure includes 
optical index and film thickness. 

25 

104. The method of claim 103, wherein said 
spectroscopic measurements performing performs 
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spectroscopic ellipsometric or spectroscopic 

reflectometric measurements. 

105. The method of claim 103, wherein said 
5 spectroscopic measurements and scatterometric 

measurements are performed using broadband radiation. 

106. The method of claim 103 , wherein said 
spectroscopic measurements ,and scatterometric 

10 measurements are performed using polarized radiation. 

107. The method of claim 103, wherein said 
constructing constructs a reference database of one or 
more parameters over a spectrum of wavelengths, and 

15 wherein said scatterometric measurements are performed 
over said spectrum of wavelengths to obtain 
ellipsometric data over said spectrum. 

108. An instrument for measuring a sample, 
20 comprising: 

a spectroscopic device measuring film 
thickness data and index of refraction data of the 
sample over a spectrum; 

a scatterometer measuring ellipsometric data 
25 from a diffracting structure of said sample 
substantially simultaneously at a plurality of 
wavelengths over a spectrum; and 
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means for deriving physical parameters related 
to the structure from the film thickness data, index of 
refraction data and ellipsometric data. 

5 109. The instrument of claim 108, said device being 

a spectroscopic ellipsometer or spectroscopic 
ref lectometer . 

instrument of claim 108, said 
employing broadband and polarized 

111. The instrument of claim 108, said device and 
said scatterometer employing one or more common optical 

15 elements, said elements including a polarizer. 

112. The instrument of claim 108, said device and 
said scatterometer employing one or more common optical 
elements, said elements including a broadband radiation 

20 source . 

113. The instrument of claim 108, further 
comprising a spectroscopic ref lectometer measuring film 
thickness data and index of refraction data of the 

25 sample over a spectrum. 



110. The 
10 scatterometer 
radiation . 
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114. The instrument of claim 108, wherein the 
spectroscopic ref lectometer employs polarized radiation 
for adjusting height of the sample relative to the 
device and scatterometer . 

5 
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